Analogue signal from common electrode of pixelated detector for triggering and spectroscopy M Platkevic, J Jakubek, Z Vykydal et al. ABSTRACT: The analog signal from the sensor of hybrid semiconductor pixel detectors is prone to electro-magnetic interference. The study and diagnosis of induced and common electro-magnetic coupling between the analog part and digital part of these devices is required. The influence of electro-magnetic interference was tested on the setup with a pixel detector Timepix or Medipix and a FITPix read-out interface. Measurements were carried out of external as well as internal interference. We evaluated the influence of both sources of electro-magnetic interference to the noise recorded by pixels. We measured the local spatial intensity distribution and frequency spectrum of the electro-magnetic field originating inside the readout chip during its own operation. In context of this test we exposed the detector chip to a locally generated artificial electro-magnetic field evaluating its sensitivity to induced interference. Consequently, the whole setup of the detector and read-out interface was exposed to a distant source of electro-magnetic radiation, during which we tested efficiency of the electro-magnetic shielding of various arrangements. Further, tests measured the coupling over power supply lines. In particular, the noise generated by the operation of the detector itself was determined. In addition, the detector sensitivity to deliberately induced noise was evaluated. By means of these tests weak points of the setup sensitive to the intrusion of electro-magnetic interference are revealed. When locations of susceptible places are identified proper methods can be applied to increase immunity of the detector setup against the electro-magnetic interference. Experiences gained are planned to be used in development of the EMI shielded version of the FITPIX interface shielded to electro-magnetic interference.
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Electro-magnetic interference
Nuclear physics experiments and radiation measurements often require complex instrumentation with highly integrated microelectronic components. A large number of electronic devices have to be involved and operated simultaneously. All such devices produce electromagnetic interference background. High frequency and high power components and the sensitive instruments [1] are usually operated in close proximity. This necessarily influences the instrument precision [2, 3] due to common electro-magnetic coupling. The FITPix device [4] with the Timepix detector [5] is such highly accurate measurement instrument for which it is important to consider the influence and resistivity against electro-magnetic interference. It is also important to determine the spurious electro-magnetic radiation originating from the instrument during its operation.
Timepix pixel detector
The semiconductor pixel detector Timepix contains an array of 256 × 256 square pixels with 55 um pitch. In addition to high spatial granularity the single quantum counting detector Timepix can provide also energy or time information in each pixel. The hybrid architecture consists of a readout chip and a bump-bonded sensor (Si, GaAs, CdTe, . . . ). The sensor converts the interaction of ionizing particle directly into detectable electric signals. High sensitivity and large dynamic range of this technology permit high contrast sensitivity which exceeds present charge integration devices (e.g. CCDs). 
Internal test pulses
Every cell in the pixel matrix of the Timepix detector is fitted with analog structure dedicated to pixel diagnostics and to test the proper function of pixel cell electronics. figure 2 shows the detailed circuitry in one pixel Timepix. The analog structure for the so called "Test Pulse" allows feeding an input to the charge sensitive amplifier with a precisely defined current pulse. The equivalent charge injected into the amplifier input is linearly dependent on the voltage amplitude of the test pulse.
Test pulses have been engaged to evaluate level of influence of individual observed interference sources. The FITPix offers a full support of the test pulse generation for the Medipix and Timepix detector after the hardware and firmware redesign. All accomplished tests were performed with set-up of the FITPix and the Timepix detector.
Electro-magnetic interference evaluation methodology
The response of the Timepix detector to test pulses is shown in the figure 3. Timepix was operated in counting (medipix) mode (pixel counts when signal exceeds the energy threshold). The vertical axis corresponds to the mean value of registered counts in the pixel of the detector matrix. The threshold (THL) DAC setting of the detector energy level and the test pulse height (which is the voltage amplitude of ingoing test pulses to the detector) are given on the horizontal plane.
The dependency plot shown comprises several regions of interest. Region A is a flat area on the zero level of the mean count value and represents the area where the input signal is deep below the energy threshold. There are no registered test pulses. Region B represents the area where pixels react on all test pulses meaning that the testing signal exceeds always the energy threshold. Therefore the mean value of the pixel is equal to the number of the ingoing test pulses. Region C is the border region between areas A and B. In this region the energy threshold is close to the level of the signal. Only a fraction of the ingoing test pulses is registered in the pixels. Slight increment in amplitude of the test signal causes a significant increment of the mean pixel count value and vice versa. The noise signal can also cause a change in the mean pixel count value in the region C. The noise amplitude is superimposed to the amplitude of the test pulses. Altogether, the resulting signal exceeds the energy threshold even if the testing signal alone is not high enough. That is why the effective threshold is altered and the detector sensitivity is hindered. This effect manifests like a shift of the energy threshold. D is the region where energy threshold is set lower than the noise level. Pixel counters count independently on the number of test pulses.
The transition region C between A and B is shown more in detail in figure 4 . The plot displays the cross-section of figure 3 in the X vs Z axes. That is the dependence of the mean pixel count value on the height of test pulses for one particular setting of the THL DAC. In the case of an ideal detector this would be a step function. All pixels would react after the common threshold is exceeded. Because of the pixel inequality response the plot is shaped in the form of a s-curve. The position of the midpoint would be stable and would not shift along x-axis. When an additional noise is present the midpoint will shift due to the interference. The shift is more apparent if the interference is higher. 
Interference influence measurement and analysis
The immunity tests were performed with the following conditions. The Timepix threshold THL was set to the level 350 while the test pulse voltage was progressively increased from zero to a value when all ingoing test pulses were registered in the pixel counters. The test pulse voltage was changed with step of 1mV (resolution given by FITPix DAC circuit). Each point of the obtained s-curve characteristics was got from 50 individual acquisitions.
Power supply network noise immunity. Tests were performed in which the detector susceptibility to noise in the power supply was observed. The white noise was introduced to the Timepix detector analog power supply line over capacitive coupling 470 nF (see figure 5 ). Tests were done at generated noise amplitude 2 Vpp (see figure 6 ) and 4 Vpp (see figure 7) . Reference plot for 0 Vpp can be found in the figure 25. Vpp means Voltage peak-peak. There is a visible slight shift of the midpoint from the plots.
Bias voltage noise immunity. Similarly to the power network immunity test, white noise was introduced to the detector bias voltage over the capacitive coupling (see figure 5 ). Tests were done at generated noise amplitude 2 Vpp (see figure 8 ) and 4 Vpp (see figure 9) . Reference plot for 0 Vpp can be found in the figure 25. In this test a negligible shift of the midpoint was registered.
Influence of power supply voltage shift. In this test the sensitivity of the detector to the analog power supply voltage shift was observed. Knowledge of detector response is important in the case of multi detector operation. If several detectors are powered from a common source, a voltage drop of the power lines can occur. The FITPix analog power source for the detector was set on the Close electro-magnetic field immunity. In this test a close electromagnetic field was generated with an antenna near the Timepix detector (see set-up on figure 12 and figure 13 ). Antenna output power was set to 0.4 W at swept frequency between 25-30 MHz. The distance between the antenna and the detector was set to 1 cm and magnetic field intensity was approximately 35 mA/m. Results are plotted in the figure 14 for antenna orientation A and in the figure 15 for antenna orientation B. Reference plot for no interference can be found in the figure 25. These tests have not proved evident influence of the close field to the detector at given field intensity.
Distant electro-magnetic field immunity. Tests were performed in a chamber of electromagnetic compatibility (see figure 16) . The electro-magnetic field was generated by an antenna with horizontal or vertical field polarization. The output irradiated power was about 100 W on variable frequency in range from 90 to 100 MHz. The detector was placed in a distant field with equal distribution at various arrangements (see figure 17 for set-up orientations). The electric field intensity at the point of the tested set-up was about 10 V/m. The field was generated at horizontal and vertical polarization. Primary measurements were done with direct connection of FITPIX with PC over USB line. This approach proved unsuitable. FITPIX, respectively its USB connection revealed a great sensitivity to electro-magnetic interference. FITPIX could not be operated without functional failures. Pure metallic USB connection had to be replaced with opto-USB extender [7] . After replacement, communication with FITPix proved as reliable without drop-outs. Results for set-up orientation A are plotted in figure 18 for the horizontal field polarization and in figure 19 for the vertical field polarization. Results for orientation B are shown in figure 20 for the horizontal field orientation and in figure 21 for the vertical field polarization. Reference plot no interference can be found in the figure 25. From these tests it is evident that an intense electro-magnetic field influences more the read-out interface FITPix than the Timepix chip itself.
Influence of Timepix measurement clock frequency. Test measurements were done to show the influence of the measurement frequency on the pixel noise. Tests were repeated with several different measurement clock frequencies 12 MHz (see figure 22 ), 48 MHz (see figure 23) . A test at 96 MHz was also performed but it revealed that the Timepix detector is not capable of measurement operation on such a high frequency. Other measurement frequencies have not revealed significant impact on the detector operation.
Influence of different pixel spacing. The aim of this test was to show how pixel spacing influences the noise level. During the generation of test pulses only some pixels in the matrix are active. Spacing is the distance between two active pixels. Other pixels are disabled with pixel ). An influence is apparent from shift of the midpoint position midpoint to left with increasing pixel spacing.
Read-out chip irradiated electro-magnetic field. This measurement was done to locate the region of the Timepix chip where the highest intensity of electro-magnetic irradiation is. The field was scanned during acquisition cycle at maximal clock frequency. The highest field level was found at the chip wire bonding which can be seen in figure 28. Signal and power lines are much more intense source of electro-magnetic field than the Timepix chip alone. Even maximal measured intensity -55 dBm is far from crucial level to influence other electronic devices significantly. Typical background intensity originating from FM radio broadcasting usually ranges from -55 to -50 dBm.
Conclusions and future work
During the distant electro-magnetic field immunity test the weakest point of the setup was identified. The intense electro-magnetic field 10V/m significantly influences the correct operation of the FITPix and Timepix detector. Results are proven by measurements in the laboratory of electromagnetic compatibility. Testing revealed a significant susceptibility of FITPIX to electro-magnetic radiation. Increased failure intensity of the FITPix device was observed. In many cases the loss of communication or even total device drop-out occurred. Failure intensity showed dependence on the field polarization and generally mutual position of the antenna and the set-up of FITPix and detector. Even field intensity of 3V/m could be crucial. USB has not proved as reliable connection in high intense electromagnetic fields. This behaviour forbids usage of the FITPix and Timepix in harsh environmental applications without optical connection.
In the test of influence of the power supply voltage level shift there is apparent significant change of the pixel reaction threshold. Timepix detector manifests sensitivity to the weak power supply source.
Future work aims to improve FITPix immunity against electromagnetic interference through the additional shielding. Substitution of the current communication with the optical fibre would help avoiding galvanic coupled interference. Advanced self-diagnostics implemented in the FITPix firmware would help to prevent and recognise error states and fast recovery of the device.
